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Specification 

A Fabric for Clothing and a Production Method Thereof 

[Technical Field] 
[0001] The invention relates to a fabric for clothing that, at least 
partly, comprises cellulose mixed ester fiber and a production method 
thereof . 

[Background Art] 

[0002] Cellulose and cellulose derivatives including cellulose 
ester and cellulose ether are now attracting considerable attention 
because they are major biomass-based materials and also because 
they can be biodegraded in the environment . Cellulose acetate, which 
is a well-known commercially available cellulose ester, has been 
used for many years inproducing cigarette filters and fiber materials 
for clothing. Other cellulose esters include cellulose acetate 
propionate, cellulose acetate butyrate, and cellulose acetate 
phthalate, which are used widely as material for plastics, filters 
and coatings. 

[0003] As fiber material, cellulose has been used from old times 
in the form of spun fiber using short fiber of naturally grown cotton 
and hemp. Methods to produce filament material instead of short 
fiber include wet spinning, used for instance to dissolve cellulose 
such as rayon in a special solvent such as carbon disulfide, and 
dry spinning, used for instance to produce a cellulose derivative 
such as cellulose acetate which is then dissolved in an organic 
solvent such as methylene chloride or acetone, followed by spinning 
while evaporating the solvent, and furthermore, a method has been 
disclosed (see patent reference 1) in which a cellulose acetate 
melt containing a large amount of water-soluble plasticizer such 
as polyethylene glycol is subjected to melt spinning to produce 
for hollow fibers to be used as filter membrane. The latter method, 
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however, often suffers severance of yarns during the spinning process, 
and has to use a low draft ratio to. permit melt spinning, making 
it impossible, to produce fiber with a sufficiently small fineness 
for common clothing. The method generally can produce thick yarns 
such as for hollow, filaments for filter membrane, but very low in 
strength, they are stiff, less flexible, and easily broken if a 
fabric is produced, so it will be extremely difficult to manufacture 
clothing and other common products that require both a small fineness 
and a high strength. 

[0004] If a hollow fiber for filter is produced from cellulose acetate 
containing as large as 20% of plasticizer, small pores will grow 
in the fiber in a subsequent treatment with water or alkali . However, 
these large number of pores will further decrease the strength of 
the fiber, and tend to cause whitening due to abrasion and a decrease 
in fastness, which is another reason for inappropriateness as 
material for clothing which suffers continuous external forces 
during use. 

[0005] Cellulose acetate material produced by dry spinning generally 
suffers a very large deformation of fibers as a result of evaporation 
of solvents from inside the fiber immediately after the spinning, 
leading to indefinite cross-sections. Thus, acetate fabrics are 
inferior to polyester and other melt-spun fabrics composed of uniform 
fiber with controlled cross-sections in that the former has uneven 
surface quality with irregular features. 

[0006] It has also been disclosed (see patent reference 2) that 
the use of the melt blow method for .spinning of cellulose ester 
permits the spinning of yarns with a small fineness . However, though 
fiber structures produced by melt blow are widely used as industrial 
nonwoven fabrics, their applications are essentially very limited 
because such fiber cannot serve for production of woven and knitted 
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fabrics. Further , the melt blow method has essential difficulty 
in achieving a uniform fiber diameter, and the coefficient of 
variation (CV) in fineness, which represents the unevenness in 
fineness, is 30 to 40% in most cases, indicating that the thickness 
of single fibers varies largely. 

[0007] Thus, fabrics composed of yarns tend to vary in cross-section 
and fineness of the fiber, and it is difficult to achieve a uniformity 
in glossiness resulting from reflection of light on the surface 
and a uniformity in color resulting from dyeing, leading to perceived 
unevenness. 

[0008] It is known that thin yarns with a uniform fineness, such 
as those conventionally used in clothing, can be produced by melt 
spinning with a high productivity if using a composition prepared 
by kneading, at a specific mixing ratio, a cellulose mixed ester 
and a plasticizer that is compatible to said cellulose mixed ester 

(see patent reference 3) . 

On the other hand, a cellulose mixed ester containing a plasticizer 
has a low glass transition point (Tg) , and is so low in heat resistance 
for daily-use clothing that heating during ironing can cause fusion 
easily. Containing a plasticizer, moreover, the fiber is so low 
in strength that if clothing is produced from a fabric of such fiber, 
it will be low in strength and will be easily torn. 
[0009] Concerningthequalityof a fabric for clothing, it is important 
to meet the requirements for aesthetic appeal and texture as well 
as the basic physical properties such as strength and heat resistance 
during use. . 

[0010.] Thus, fabrics with high heat resistance, good yarn properties 
and aesthetic appeal that can be used as material for general clothing 
cannot be produced easily by subjecting cellulose, a biomass-based 
material, to a melt spinning process that is free of environmentally 
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harmful solvents. 

[Patent reference 1] JP-51-70316 Al ...^ . 

[Patent reference 2] JP-11-506175T 

[Patent reference 3] JP-2004-182979 Al 

[Disclosure of the Invention] 

[Problems to be Solved by the Invention] 

[0011] The object of the invention is to solve the above problems 
in order to provide a fabric comprising cellulose mixed ester fiber 
suitable for clothing that has high heat resistance and improved 
properties such as strength, . and a production method thereof. 
[Means for Solving the Problems] 

[0012] The present invention aims to solve the above problems, and 
the fabric for clothing of the invention at least partly comprises 
cellulose mixed ester fiber with a glass transition point (Tg) of 
160°C or more and a strength in the range of 1.3 to 4 cN/dtex. As 
a desired embodiment, it is preferred that the initial tensilemodulus 
of the fiber is in the range of 30 to 100 cN/dtex, the CV in single 
fiber fineness being 10% or less, average single fiber diameter 
being in the range of 5 to 50 pm, the content of plasticizers in 
the fiber being in. the range of 0 to 1.0 wt% relative to the weight 
of the cellulose mixed ester fiber, the total molecular weight of 
the acyl groups per glucose in said cellulose mixed ester being 
in the range of 120 to 140,. and the degree of substitution being 
in the range of 2.6 to 2.8. 

[0013] The production method of fabrics comprising cellulose mixed 
ester fibers of the invention is a production method of fabrics 
for clothing that at least partly comprises cellulose mixed ester 
fiber, wherein a . composition consisting of at least 70 to 95 wt% 
of a cellulose mixed ester and 5 to 20 wt% of a water-soluble 
plasticizer is subjected to a melt-spinning process to produce a 
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fiber of 5 to 50 \im, and after and/or before converting it into 
a form of fabric, said plasticizer is eluted out of the fiber by 
aqueous treatment . 

[0014] Said water-soluble plasticizer may be one or more selected 
from the following group: polyethylene glycol, polypropylene glycol , 
poly (ethylene-propylene) glycol, and end-capped polymers produced 
from them, as represented by the general formula (1) described below . 
[0015] Rl-0-[ (P0)n/(E0)m]-R2 ... (1) 

(In the formula, Rl and R2 represent the same group or different 
groups that may be H, alley! , or acyl. Here, n and m represent an 
integer of 0 or more and 100 or less, and meet the following equation : 
4 ^ n+m ^ 100, while / indicates random- or block-copolymerized 
structure, and the structure is a homopolymer when either n or m 
is 0. Further, E represents CH 2 -CH 2 and P represents CHCH 3 -CH 2 .) 
For the production method of fabric comprising cellulose mixed ester 
fiber, it is also preferred that the glass transition point (Tg) 
of the fiber after removing the plasticizer is 60 °C or more higher 
than that of the fiber before the removal of the plasticizer, and 
that the fiber strength after removing the plasticizer is 0.2 cN/dtex 
or more larger than that of the fiber before the plasticizer removal, 
and that 70% or more- of said plasticizer in the fiber is removed 
within 5 minutes by said aqueous treatment, and that said plasticizer 
is removed with an aqueous treatment solution free of scouring agents , 
followed by treatment with a treatment solution that contains a 
scouring agent, and that said plasticizer removal by said aqueous 
treatment is carried out after converting the fiber into fabric. 
[Effect of the Invention] 

[0016] The invention provides a fabric for clothing comprising 
heat-resistant fiber that is mainly composed of cellulose mixed 
ester produced from cellulose, a biomass-based material. Fabrics 
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composed of cellulose mixed ester fiber with a high Tg and a high 
strength show good heat resistance, and no surface shine and fusion, 
and they have good properties such as strength required for clothing 
as well as moderate stiffness and tension, and also have aesthetic 
value-added properties such as high gloss, good color development 
properties , and perceived uniform fabric surface as well as moisture 
emission and absorption. With high gloss and vivid colors in 
particular, they can be very useful in the fields of fashionable 
clothing production. The production method of the invention uses 
environment-friendly, high-quality, melt-spun yarns and elutes 
plasticizer easily during textile processing processes, to 
facilitate easy production of fabrics composed of heat-resistant 
cellulose mixed ester fiber. 
[Brief Description of Drawings] 

[0017] [Fig.l] Fig.l shows changes in weight caused by aqueous 
treatment of the knitted fabric produced in Example 4 of the invention . 
Specifically, it illustrates the amount of the plasticizer eluted 
by the aqueous treatment . 

[Best Mode for Carrying Out the Invention] 

[0018], The fabric for clothing of the invention at least partly 
comprises fiber that is mainly composed of cellulose mixed ester. 
With a fabric structure containing cellulose mixed ester fiber, 
the fabric for clothing produced has good properties such as moisture 
absorption, color development properties, and uniform gloss, as 
well as good mechanical characteristics. 

[0019] Described below are cellulose mixed ester fiber to be used 
in the fabric for clothing o'f the invention, and fabrics that at 
least partly comprise said cellulose mixed, ester fiber. 
[0020] In the cellulose mixed ester used for the invention, hydroxyl 
groups in the cellulose are esterified with two or more different 
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acyl groups. There are no specific limitations on the method to 
produce the cellulose mixed ester, and a conventionally known method 
can be used. 

[0021] Specifically, cellulose mixed esters that can be used for 
the invention include cellulose acetate propionate, cellulose 
acetate butyrate, cellulose acetate capronate, cellulose acetate 
caprylate, cellulose acetate laurate, cellulose acetate palmitate, 
cellulose acetate stearate, cellulose acetate olate, cellulose 
acetate phthalate, and cellulose propionate butyrate. Among others, 
the cellulose mixed ester used for the invention should be either 
cellulose acetate propionate or cellulose acetate butyrate, or both, 
because they are easy to manufacture and high in heat resistant. 

[0022] The degree of substitution of said cellulose mixed ester 
is preferably 2 . 6 or more to prevent significant decrease in strength 
in a wet state. It is also preferably 2 . 8 or less to ensure a moderate 
hygroscopicity . 

[0023] There are no specific limitations on the type and ratio of 
the substituents in the cellulose mixed ester, but the total 
molecular weight of the acyl groups per glucose unit can influence 
the hydrophilicity and hydrophobicity of the fiber. If the degree 
of substitution is 2.0 and 0 . 7 for the acetyl -group with a molecular 
weight of 4 3 and for the propionyl group with a molecular weight 
of 57, respectively, with the remaining 0.3 representing the 
unsubstituted hydroxyl groups, then total molecular weight of the 
substituents is 126. If this total molecular weight of the 
substituents is less than 140, the cellulose mixed ester is not 
too high in hydrophobicity, allowing the fiber to have a moderate, 
hygroscopicity, and the Tg is high enough to achieve a high heat 
resistant. 

[0024] If .for instance the cellulose mixed ester fiber used has 
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a hygroscopicity of 4 to 6% at 20°C and 65%RH, a fabric comprising 
50wt% or more, of this fiber relative to the weight of the fabric, 
or 100wt% relative to the fabric, will have a hygroscopicity suitable 
for clothing. 

[0025] If the total molecular weight of the substituents is larger 
than 120,. it works to prevent such behaviors as swelling with water 
and shrinkage by drying, and the fabric produced will have a high 
shape stability. It should more preferably be in the range of 120 
to 135. 

[0026] For the cellulose mixed ester fiber of the invention, it 
is important to have a glass transition point (Tg) of 160°C or more. 
If Tg is 160 °C or more,, the fabric containing said cellulose mixed 
ester fiber will not suffer undesired shine and fusion under hot 
pressing by ironing, suggesting that the fabric has a high heat 
resistance required for clothing material. To produce a fabric with, 
a required heat resistance, said cellulose mixed ester fiber 
preferably has a glass.transition point (Tg) of 170°C or more, most 
preferably 180°C or more. 

[0027] It is important for the cellulose mixed ester fiber of the 
invention to have a strength in the range of 1.3 to 4 cN/dtex. If 
the strength is 1 . 3 cN/dtex or more, a fabric comprising the cellulose 
mixed ester fiber will have sufficiently large tear strength. A 
larger strength is better, but at the present time, it is difficult 
to achieve a strength of more than 4 cN/dtex. The strength of fiber 
is more preferably 1.5 cN/dtex or more, still more preferably 1.7 
cN/dtex or more. 

[0028] The initial tensile modulus of the cellulose mixed ester 
fiber of the invention should be in the range of 30 to 100 cN/dtex. 
If it is 30 cN/dtex or more, a fabric comprising the cellulose mixed 
ester fiber will have textural features such as moderate stiffness 
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and tension, while if it is 100 cN/dtex or less, the fabric comprising 
the cellulose mixed ester fiber will have .textural features such 
as moderate softness. To obtain fabric for clothing with textural 
features such as moderate softness, stiffness, and tension, the 
initial tensile modulus is preferably in the range of 35 to 90cN/dtex, 
most preferably 40 to 80 cN/dtex. 

[0029] The cellulose mixed ester fiber of the invention should have 
an average fiber diameter in the range of 5 to 50 jam. For the invention, 
the side faces of 20 filaments are observed with a scanning electron 
microscope, and the measured width of each filament in the direction 
perpendicular to the fiber axis is provided for the average fiber 
diameter calculation . In view, of the texture of the fabric comprising 
said cellulose mixed ester, an average diameter of 5 \im or more 
is preferred to achieve a moderate fabric thickness. An average 
diameter of 50 jam or less is preferred to obtain a soft fabric. 
In view of the texture of the fabric, said cellulose mixed ester 
preferably has an average fiber diameter in the range of 10 to 45 
Urn, most preferably 15 to 40 \im. 

[0030] The cellulose mixed ester fiber of the invention preferably 
has a CV (coefficient of variation) in single filament fineness 
of 10% or less. The CV in fineness is a parameter generally used 
to represent the variation in the fineness over the single filament 
that constitute multi-filaments, and calculated by the following 
equation (2) from the standard deviation and the average value of 
single filament diameter obtained by observing the side face of 
filaments with an electron microscope and measuring the width of 
the fiber filaments in the direction perpendicular to the fiber 
axis. 

[0031] CV in fineness (%) 

= standard deviation of single filament diameters / average value 
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of single filament diameters 
(equation 2) 

The CV in fineness of polyethylene terephthalate fiber, for instance, 
produced by a common melt spinning process is 5% or less, while 
the CV in fineness is generally in the range of 30 to 40% for fiber 
produced- by the melt blow process. 

[0032] For the invention, if the variation in the single filament 
fineness is small, with a CV in the single filament fineness of 
10% or less, fabrics produced will have a perceived uniform surface 
with uniform gloss and color to allow the fabric for clothing to 
have a preferred beautiful appearance. 

[0033] It is preferred that the cellulose mixed, ester fiber of the 
invention is virtually free of pores. For the invention, a pore 
is defined as an empty space with, a major axis length of 0.01 to 
2 ]*m existing within the fiber. For the invention, a fiber is deemed 
to be uniform and free of pores if only less than 5 such pores exist 
within the fiber when the cross-sections of 20 filaments are observed 
with an electron microscope. The hollow fiber for the filter has 
very large number of pores which are produced during the plasticizer 
removal. Such fiber can be a good material for filters, but is likely 
to suffer a decrease in strength and friction resistance depending 
on the size and number of the pores. The fiber for the invention 
is free of pores, and therefore the fabric produced from it will 
be high in f rictional strength and will not suffer significant quality 
deterioration. 

[ 0034 ] It is preferred that said cellulose mixed ester fiber accounts 
for 50wt% or more of the fabric for clothing of the invention in 
order to prevent weakening of the advantageous effect of the invention . 
If said. fabric contains 50wt% or more of said cellulose mixed ester 
fiber, said fiber will have vivid colors and good chromogenic 
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properties, in addition to surface gloss and beautiful uniform colors 
resulting from uniform yarn quality, leading to strong aesthetic 
appeal as material for fabrics for clothing. Moreover, said cellulose 
mixed ester fiber has a strength, heat resistance, hygroscopicity, 
and dimensional stability required for clothing, in addition to 
moderate stiffness and tension, and can be good material to produce 
suitable fabrics for clothing that have good texture. 
[0035] A fabric produced by combining the cellulose mixed ester 
fiber of the invention with polyester fiber has high hygroscopicity 
and good color development properties, making up for polyester' s 
faults. A fabric consisting of 50wt% of the cellulose mixed ester 
and 50wt% of polyester, for instance, can have a moisture absorption 
coefficient of 2% or more at 20 °C and 65%RH and also have improved 
black color development properties arid vivid colors. With a high 
dimensional stability, it will have a performance suitable as a 
fabric for clothing. 

[0036] A combination of the cellulose mixed ester fiber of the 
invention with cotton yarns will works to achieve a shape stability 
and quick drying characteristics in addition to the hygroscopicity 
of cotton, and also obtain a moderate gloss, allowing the fabric 
to have both fashionable, and functional features. 

[0037] Described below is the production method of fabrics for 
clothing that at least partly comprises the cellulose mixed ester 
fiber of the invention. 

[0038] The cellulose mixed ester fiber of the invention may be produced 
by the melt spinning of a composition at least consisting of 70 
to 95wt% of a cellulose mixed ester and. 5 to 20wt% of a water-soluble 
plasticizer . 

[0039] Here, the cellulose mixed ester should account for 70 to 
95wt% of the entire composition. A content of 70wt% or more means 
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that the fiber contains a large amount of a high-strength component, 
serving to avoid troubles such as threadbreakage duringmelt spinning. 
If the content of the cellulose mixed ester is 95wt% or less, on 
the other hand, the composition has a high thermal flowability, 
leading to efficient yarn formation during melt spinning . The content 
of said cellulose mixed ester in the entire composition is more 
preferably in the range of 75 to 90wt%, most preferably 80 to 85%. 
[0040] If used alone, said cellulose mixed ester is poor in thermal 
flowability and cannot be melt-spun effectively. For melt spinning, 
a plasticizer may be added to increase the thermal flowability of 
the composition, but a cellulose mixed ester that contains a 
plasticizer has a lower glass transition point (Tg) of about 100°C, 
leading to a problem with heat softening if it is directly used 
to produce a fabric. For the invention, the cellulose mixed ester 
fiber in the final fabric product should have a glass transition 
point (Tg) of 160°C or more, and therefore it is important for said 
plasticizer to be a water-soluble compound that can be leached out 
easily by aqueous treatment.. Here, a substance is deemed to be 
water-soluble if lwt% or more of it can dissolve in water at 20 °C. 
A highly water-soluble substance that dissolves up to 5wt% or more 
in water at 20 °C can be easily removed with water after fiber 
production, allowing the advantageous effect of the invention to 
be realized easily. 

[0041] For the invention, the content of said water-soluble 
plasticizer in the cellulose mixed ester composition is preferably 
in the range of 5 to 20wt%. A water-soluble plasticizer content 
of 20wt% or less serves to improve the melt spinning characteristics, 
decrease the frequency of yarn breakage during melt spinning, and 
to produce fiber with a moderate fineness and strength, which prevent 
pores from forming in the fiber during the aqueous treatment process 
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for plasticizer removal, allowing the fiber to have a uniform 
structure. On the other hand, a water-soluble plasticizer content 
of 5wt% or more leads to a high thermal flowability, which serves 
to use a lower spinning temperature to control the thermal 
decomposition of the composition, allowing the resulting fiber to 
have good color tone and mechanical characteristics. 
[0042] Said water-soluble plasticizers for the invention is 
preferably one or more selected from the following group: 
polyethylene glycol, polypropylene glycol, 

poly (ethylene-propylene) glycol, and end-capped polymers produced 
from them, as represented by the general formula (1) described below . 
[0043] Rl-0-[ (P0)n/ (E0)m]-R2 ... (1) 

(In the formula, < Rl and R2 represent the same group or different 
groups that may be H, alkyl, or acyl. Here, n and m represent an 
integer of 0 or more and 100 or less, and meet the following equation: 
4 ^ n+m ^ 100, while / indicates a random- or a block-copolymerized 
structure, but the structure is a homopolymer when either n or m 
is 0. Further, E represents CH 2 -CH 2 and P represents CHCH 3 -CH 2 .) 
These plasticizers are preferred because they are high in 
compatibility with the cellulose mixed ester, serving to notably 
increase the thermal flowability of the composition during melt 
spinning and prevent the bleed-out from the fiber. There are no 
specific limitations on the molecular weight of said water-soluble 
plasticizer used for the invention, but it is preferably in the 
range. of 200 to 1,000. A molecular weight in this range works to 
prevent the evaporation during the melt spinning process and to 
improve the compatibility with the cellulose mixed ester. The 
molecular weight of said water-soluble plasticizer is more 
preferably in the range of 300 to 800. 

[0044] Said cellulose mixed ester composition used for the invention 
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may contain other compounds such as epoxy compounds, weak organic 
acids, phosphites, and thiophosphites, each of which may be used 
alone or two or more 'of which may be used in combination as required, 
as stabilizers for prevention of heat deterioration and coloring, 
as long as they do not cause damage to the required performance. 
There will be no problems if other additives including organic acid 
based biodegradation accelerators,, lubricant's, antistatic agents, 
dyes, pigments, lubricants, and delusterants are added. 
[0045] When mixing the cellulose mixed ester used for the invention 
with a plasticizer and other required additives, a common, known 
mixing instrument such as extruder, kneader, roll mill, and Banbury 
type mixer may be used without specific limitations . Said composition 
mainly composed of the cellulose mixed ester and said plasticizer 
is preferably pelletized with an extruder before feeding it to the 
melt spinning machine, or the extruder is preferably connected to 
the melt spinning machine via a pipe, in order to minimize the 
formation of babbles- Such a pelletized mixture is preferably dried 
before melt spinning down to a water content of 0.1wt% or less in 
order to prevent the hydrolysis and babble formation during melting. 
[0046] A composition containing at least the cellulose mixed ester 
and the water-soluble plasticizer will have a high thermal 
flowability, can be easily melt-spun into cellulose mixed ester 
fiber. Such melt spinning of cellulose mixed ester fiber may be 
carried out by feeding said cellulose mixed ester composition to 
a known melt spinning machine. For instance, said cellulose mixed 
ester composition may be melted by heating, and spun through a nozzle 
to produce a yarn, which is then taken up by a godet roller rotating 
at a constant rate and wound up in a package while being drawn or 
without being drawn . Melt spinning by this procedure serves to produce 
fiber with uniform shape and quality. Saidmelt spinning is preferably 
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performed at a temperature in the range of 200°C to 280°C, more 
preferably 200°C to 270°C. A spinning temperature of 200°C or more 
works to decrease the melt viscosity and facilitate the melt spinning 
process. A spinning temperature of 270 °C or less serves to control 
the thermal decomposition of the cellulose mixed ester composition. 
[0047] As described above, the cellulose mixed ester fiber used 
for the invention preferably has a CV (coefficient of variation) 
in single filament fineness of 10% or less. The CV in fineness is 
a parameter generally used to represent the variation in the fineness 
over the single filament that constitute a multifilaments . The fabric 
production method of the invention contains a process for eluting 
water-soluble plasticizers from fiber, and therefore, a variation 
in. the fineness of single filament will lead to uneven elution of 
the water-soluble plasticizers. Since this causes uneven dying of 
the fiber and an uneven heat resistant distribution, a smaller CV 
in fineness of the fiber is more preferred. Thus the CV in the fineness 
of single filament is preferably 10% or less, more preferably 5% 
or less. For the invention, a molten polymer may be spun through 
a nozzle and taken up by a godet roller to produce a uniform yarn 
with a CV in fineness of 10% or less. 

[0048] For the fabric production method of the invention, it is 
important to carry out aqueous treatment for removal of plasticizers 
after producing the cellulose mixed ester fiber. The aqueous 
treatment means the procedure which is performed by immersing the 
fiber in a solution mainly composed of water. There are no specific 
limitations on the method to be used, and the fiber produced by 
melt spinning may be allowed to run continuously through a water 
bath, or said fiber may be shaped into cheese package followed by 
processing with a batch type cheese dyeing machine . After said shaping, 
or after fabric production, furthermore, similar continuous or batch 
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type beam processing, or batch type aqueous treatment with a jet 
dyeing machine may be carried out. 

[0049] There are no specific limitations on the solution to be used 
for said aqueous treatment, except that it is mainly composed of 
water. It may be simply water, or may be a water-based liquid 
containing additives designed to remove oils and sizing pastes, 
such as sodium carbonate, sodium hydroxide, and other alkaline 
compounds, or scouring agents such as nonionic or anionic surface 
active agents. 

[0050] If a plasticizer is added, the cellulose mixed ester fiber 
of the invention tends to adsorb highly lipophilic surface active 
agents, and therefore, it is preferred that water-soluble 
plasticizers are removed first by aqueous treatment without using 
scouring agents, followed by removal of oils and pastes by processing 
with an aqueous treatment by the solution containing a scouring 
agent . 

[0051] Said aqueous treatment is preferably carried out at a 
temperature in the range of 15°C to 80°C, more preferably 20°C to 
70°C. A treatment temperature of 20°C or more allows plasticizers 
to be removed quickly, while a temperature of 70 °C or less is preferred 
to maintain the gloss of the fiber. 

[0052] Said water-soluble plasticizers contained in the cellulose 
mixed ester fiber may be removed completely at one time by carrying 
out the treatment process, or in multiple steps for, for instance, 
removing part of them during yarn processing and removing the 
remaining plasticizers during scouring and dyeing of the fiber 
produced. The required treatment time for plasticizer removal 
depends on the type of treatment equipment used and the type of 
fiber structure such- as yarn, . cheese package and fabric, and an 
appropriate time can be determined on the basis of the capacity 
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of equipment, workability and costs. The treatment time may vary 
from as short as 0.2 seconds to about one hour as required. It is 
preferred that cellulose mixed ester filaments constituting the 
fabric of the invention have an average diameter in the range of 
about 5 to 50 jam, because their large surface area serves for quick 
removal of water-soluble plasticizers, allowing 70wt% or more of 
the plasticizer content to be removed within 5 minutes in most cases 
regardless of the treatment method used. 

[0053] Said cellulose mixed ester fiber used for the invention is 
characterized in that its glass transition point (Tg) is increased 
by removing the plasticizers. It is preferred that the rise in glass 
transition point (Tg) caused by plasticizer removal is 60°C or more. 
If the glass transition point (Tg) increases by 60 °C or more, melt 
spinning can be performed before plasticizer removal, and naturally, 
the heat resistance improves after plasticizer removal, serving 
to prevent surface shine and fusion of fabric from being caused 
by heating under pressure such as ironing. 

[0054] Said plasticizers should be removed as completely as possible 
in order to increase Tg by 60 °C or more . Tg increases with a decreasing 
content of plasticizers, and if their content is reduced to 1% or 
less, Tg will be higher by 60°C -or more compared to 
plasticizer-containing fiber . 

[0055] In the invention, the removal of said plasticizers allows 
the cellulose mixed ester fiber to increase in strength by 0 . 2 cN/dtex 
or more. This may be because pores are not formed in the fiber as 
a result of the elution of said plasticizers which are mixed, with 
the cellulose mixed ester in a completely compatible way, and also 
because the removal of saidplasticizers works to increase the density 
of the cellulose mixed ester which is the main component that develops 
strength. 
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[0056] In the invention, said plasticizer are quickly removed by 
saidaqueous treatment, but it is preferred that the final plasticizer 
content in the cellulose mixed ester fiber constituting the fabric 
is 0 to 1.0wt% relative to the weight of the cellulose mixed ester 
fiber . 

[0057] In the fabric production method of the invention, said 
water-soluble plasticizer elution process comprises aqueous 
treatment which may be carried out at a stage following the production 
of cellulose mixed ester fiber, at a stage following the production 
of fabric, and/or at a stage prior to the production of fabric. 
[0058] In removing said plasticizers by said aqueous treatment, 
the strength of the fiber increases if it is under tension . For 
instance, it is possible to apply a certain degree of tension to 
the fiber if liquid bath drawing . or cheese winding is performed 
in the yarn processing process. Weaving and knitting also applies 
a weak tension to the fabric by pulling different parts . The strength 
of the fiber increases if said plasticizers are removed under such 
tension. The strength of the cellulose mixed ester further increases 
if the tension applied to the fiber is 0.05 cN/dtex or more,, while 
treatment can be performed without breaking the fiber if the tension 
is Ax0.7 cN/dtex (where A represents the strength of fiber before 
plasticizer removal) or less. If the aqueous treatment process is 
performed by passing the fiber through the process after being 
converted into a fabric, handling will be easy and the fabric can 
be passed through the process smoothly, leading to a smaller increase 
in required cost and allowing the fiber to be treated under a weak 
tension. 

[0059] .Weaving and knitting of a fabric comprising the cellulose 
mixed ester fiber can be carried out by known methods . Specifically, 
it can be performed by using a weaving machine such as shuttle, 
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rapier, air jet loorrv and water jet loom, or others such as flat 
knitting machine, circular knitting machine and warp knitting 
machine, any of which may be used to fit the purpose. A composite 
woven or knitted fabric may be produced by combining with another 
kinds of fibers. In such cases, twisted, woven or knitted union 
fabrics and blended yarn fabrics may be produced as required. 
[0060] After removing plasticizers , a fabric comprising the 
cellulose mixed ester fiber of the invention may be dyed or finished 
with a conventional method. A fabric comprising the cellulose mixed 
ester f iber.produced according to the invention has a large strength, 
and therefore, may be dyed with conventional jet, wince, jigger, 
and beam dyeing machines which are conventionally used for texturing 
process of fabrics . Since heat resistance is increased by plasticizer 
removal, furthermore, it is possible to carry out intermediate heat 
setting after scouring, and finish heat setting, so that clothing 
material with suitable. texture and high-grade quality can be produced 
easily. 
[Examples] 

[0061] The invention is described more specifically below by using 
examples, though they are not intended to place- any limitations 
on the invention. The degree of substitution, melt viscosity, fiber 
strength, initial tensile modulus, CV in filament fineness, fiber 
diameter, Tg, and thermal deformation of the cellulose mixed ester 
were determined as follows. 

(1) Degree of substitution of cellulose mixed ester 
The cellulose mixed ester is dried, and 0.9g of it was weighed out, 
followed by addition and dissolution of 35ml of acetone and 15ml 
of dimethylsulf oxide, and addition of another 50ml of acetone. While 
stirring, 30ml of 0 . 5N sodium hydroxide was added and the solution 
was sapoinified for 2 hours. Then 50ml of hot water was added to 
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rinse the side wall of the flask, and the solution was titrated 
with 0.5N sulfuric acid using phenolphthalein as a indicator. 
Elsewhere a blank test was carried out by the same procedure. After 
the completion of the titration, the supernatant was diluted 100-fold, 
and the composition of the organic acid was analyzed by ion 
chromatography. The degree of substitution was calculated by the 
following equation from above measurements and composition analysis 
by ion chromatography. 

[0062] TA= (B-A) *F/ (lOOOxW) 
DSace= (162. 14xTA) / 

[ {1- (Mwace- (16.00 + 1. 01) ) xTA} + {1- (Mwacy- (16. 00 + 
1.01) ) xTA}* (Acy/Ace) ] 

DSacy=DSace (Acy/Ace) 
TA: total volume of organic acid (ml) 
A: volume of titrant for sample analysis (ml) 
B: volume of titrant for blank test (ml) 
F: titer of sulfuric acid 
W: weight of sample (g) 

DSace: degree of substitution of acetyl group 

DSacy: degree of substitution of propionyl group or butyryl group 
Mwace: molecular weight of acetic acid 

Mwacy: molecular weight of propionic acid or butyric acid 
Acy/Ace: mole ratio of propionic acid (Pr) or butyric acid (Bt) 
to acetic acid (Ac) 

162.14: molecular weight of cellulose repeating unit 
16.00: atomic weight of oxygen 
1.01: atomic weight of hydrogen 

[0063] (2) strength and initial tensile modulus 

Tensilon UCT-100, supplied from Orientec Co., Ltd, was used to 
perform a tension test under the conditions of a specimen length 
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of 20cm and a stretching rate of 20mm/min, the stress observed at 
the maximum load point was taken as the strength (cN/dtex) of the 
fiber. The initial tensile modulus was calculated according to JIS 
L 1013 (1999) (chemical fiber filament yarn testing method) 8-10 
(initial tensile modulus) . 
[0064] (3) Weight loss rate 

The sample was weighed after being dried in a hot air dryer at 60 °C 
for 3 hours, and the proportion of the weight difference between 
before and after the processing relative to the weight before the 
processing was calculated to determine the weight loss in percentage . 
[0065] (4) heat resistance 

A fabric sample was put between polyimide sheets (Kapton® supplied 
from Du Pont-Toray Co. , Ltd. ) , heated by 10 °C at a time and pressed 
for 15 seconds by a hot-press while observing the deformation of 
the fabric sample. The sample was. heated until the fiber in the 
fabric starts to deform and develops surface shine, and the limit 
temperature immediately before the start of deformation was 
determined to evaluate its heat resistance. 
[0066] (5) texture 

The texture of the fabric obtained was evaluated by sensory test. 
Samples that feel soft enough for clothing, a little stiff, and 
too stiff for clothing were rated to 3, 2, and 1, respectively. 
Fabrics rated 3 are preferred, those rated 2 tolerable, and those 
rated 1 unsuitable. 
[0067] (6) average fiber diameter 

From the fabric, 20 cellulose mixed ester filaments wers taken and 
their side faces were observed by scanning electron microscopy, 
followed by calculation of the average of the measured widths in 
the perpendicular direction to the fiber axis. 
[0068] (7) CV in filament fineness 
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The coefficient of variation (CV) was calculated from the standard 
deviation and the average of the diameters of said 20 filaments 
by the following equation : coefficient of fineness CV (%) = (standard 
deviation /average * 1.00) . 
[0069] (8) Tg 

A fiber sample was heated at a. rate of 20°C per minute/ and the 
calorific value was measured by differential scanning calorimetry 
to produce an endothermic curve, from which the glass transition 
point Tg was determined. 
[0070] (9) Existence of pores 

From a fiber specimen embedded in epoxy resin, ultra-thin sections 
were prepared with a cryomicrotome and observed by transmission 
electron microscopy to determine where pores with a length of 0.01 
to 2 ym exist in the fiber. It was judged that pores existed if 
5 or more said pores were found. 
[0071] (Example 1) 

First, 240 parts by weight of acetic acid and 67 parts by weight 
of propionic acid were added to 100 parts by weight of cellulose 
(supplied by Nippon Paper Industries Co., Ltd., dissolving pulp, 
a-cellulose 92wt%) , and mixed at 50 °C for 30 minutes. Cooling the 
mixture produced to room temperature, 172 parts by weight of acetic 
anhydride and 168parts by weight of propionic anhydride, cooled in 
an ice bath were added as esterifying agents, and 4 parts by weight 
of sulfuric acid was added as esterifying catalyst, followed by 
stirring for 150 minutes-to ensure esterif ication . If the temperature 
reaches 40°C during the esterif ication reaction, the mixture was 
cooled in a water bath . After the reaction has been almost completed, 
a mixture of 100 parts by weight of acetic acid and 33 parts by 
weight of water, used as a reaction terminator, is added little 
by little over a period of 20 minutes to hydrolyze the excess anhydride . 
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Then, 333 parts by weight of acetic acid and 100 parts by weight 
of water were added, and the solution was stirred at 80 °C for 1 
hour. After the completion of the reaction, a solution containing 
6 parts by weight of sodium carbonate was added, and the cellulose 
ester precipitated was separated out by filtration, followed by 
rinsing with water and drying at 60°C for 4 hours. The resulting 
cellulose mixed ester had a degree of substitution of 2.6 (acetyl 
group 1.9, propionyl group 0.7), and a weight average molecular 
weight of 120 , 000 . From the degree of substitution and the proportions 
of the substituent groups, the total molecular weight of the acyl 
groups per glucose unit was calculated at 122. 

[0072] A biaxial extruder was used to knead a mixture consisting 
of 85wt% of cellulose mixed ester and 15wt% of polyethylene glycol 
with an average molecular weight of 800 at 220°C, which was then 
cut into pieces of about 5mm to produce pellets of a cellulose fatty 
acid ester composition. 

[0073] These pellets were vacuum-dried at 80°C for 8 hours, then 
melted at 250°C, fed into a melt spinning pack at a spinning 
temperature of 255°C, and spun through a nozzle with 24 holes with 
a 0 . 2 5mm diameter and a 0 . 50mm length at a discharge rate of 15 . Og/min . 
The spun yarn was passed though a heating cylinder (100mm long) 
installed below the nozzle (temperature immediately below nozzle 
240°C) , and cooled in a wind from a chimney with a wind flow rate 
of 0.3 m/sec. After adding oil to ensure settlement , the yarn was 
taken up by the first godet roller rotating at 1,500 m/sec, and 
then, via the second godet roller rotating at the same speed as 
the first godet roller, wound up on a winder rotating at a speed 
that allows the tension to be 0.1 cN/dtex. The fiber produced (100 
dtex, 24 filaments; single fiber fineness 4.2 dtex) had a strength 
of 1.4 cN/dtex. 
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[0074] The fiber produced was wound into a cheese package with a 
yarn tension of 15 cN, and rinsed with water at 40°C for 5 minutes 
using a cheese dyeing machine to remove the plasticizer. Following 
the plasticizer removal, the fiber was dried at 60 °C. The rate of 
weight loss caused by drying was 14.5%. The plasticizer removal 
rate was 96.7%, and the remaining plasti.cizer accounted for 0.5% 
of the total weight of the fiber. The average fiber diameter was 
determined to be 20 \im, and the. CV in fineness was calculated from 
the fiber diameter at 3%. The fiber strength was 1.6 cN/dtex, which 
was larger than it had been before plasticizer removal. The fiber 
initial tensile modulus was 35 cN/dtex. The fiber Tg after the 
plasticizer removal was 185°C. An interlock knitted fabric was 
produced. from the fiber using a 24 gauge weft knitting machine. 
[0075] The heat resistant properties of the knitted fabric were 
studied. Results obtained are shown in Table 1. The knitted fabric 
was not fused and maintained a sufficiently high flexibility at 
a temperature as high as 170 °C. Further, the knitted fabric had 
beautiful appearance with vivid colors, good gloss, and luster. 
(Example 2) 

The same fiber- (100T-24f) consisting of a cellulose mixed ester 
.and a plasticizer as in example 1 was used as warp while a polyester 
fiber (50T-22f) was used as weft in an air jet loom to produce a 
.five-fold satin fabric. 
[0076] The satin fabric was rinsed with water at 60°C for 5 minutes 
to remove the plasticizer, and scoured to remove oil and other stains . 
This rinsing and scouring worked to decrease the weight of the satin 
fabric by 15.1%. Oil had been added up to 0.2% or more, indicating 
that the content of the plasticizer decreased by 14.9%. or more. 
The plasticizer remaining, in the fiber was estimated to be less 
than 0.1%. 
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[0077] Moreover, after performing intermediate setting at 160°C, 
the fabric was dyed at PH 5 by a conventional method using a jet 
dyeing machine. 

[0078] Cibacet Scarlet EL-F2G 0.5%owf 

(supplied by Ciba Specialty Chemicals K.K.) 
After the dying, RC washing was carried out under the following 
conditions. { 
[0079] sodium carbonate lg/1 
hydrosulfite 2g/l 

Softanol EP12030 (supplied by Nippon Shokubai Co., Ltd.) 
0.2g/l 

Further, finish setting was carried out at 150°C after the drying. 
[0080] The content of the cellulose mixed ester fiber in the satin 
fabric was 66%. 

[0081] Warp samples were taken from the satin fabric produced and 
their fiber diameter was determined by electron microscopy, showing 
that the average fiber diameter of the cellulose mixed ester fiber 
was 19 pm and that the CV in fineness was 3%. 

[0082] The Tg of the warp sample was 185°C. Further, the physical 
properties of the yarn were observed, showing that its strength 
and the initial tensile modulus were 1.65 cN/dtex and 38 cN/dtex, 
respectively. 

[0083] For the appearance quality, the fiber had a high gloss, vivid 
colors and uniformity in quality, producing a texture with a moderate 
stiffness and tension. 

[0084] Moreover, the warp of the fabric was a tear strength of 1200g. 
The coefficient of moisture absorption at 20°C and 65%RH was 3% 
and the heat resistant temperature was 180°C or more, allowing the 
fiber to be free of undesired shine and fusion when being ironed. 
[0085] (Comparative example 1) 
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The same procedure as in example 1 was carried out except that the 
plasticizer was not removed, and the interlock knitted fabric 
produced, which was used for comparative example 1, was examined 
to determine its heat resistance. Results are shown in Table 1. 
When heated at 110 °C, this knitted fabric suffered fusion and partial 
deformation, and altered into film. 

[008 6] Comparison between the fiber in example 1 and that in 
comparative example 1 shows that the plasticizer removal served 
to improve the fiber strength by 0 . 3 cN/dtex in example 1 and increase 
the glass transition point, Tg, by 70°C. Then, the cross sections 
of the fiber samples produced in examples 1 and 2 and comparative 
example 1 were observed . All of the samples produced in examples 
1 and 2 and comparative example 1 were had a circular cross section 
and had no pores inside. Results are shown in Table 1. 

[0087] (Example 3) 

The same procedure as in example 1 was carried out to produce pellets 
except that 90wt% of a cellulose acetate butyrate produced by using 
butyric acid instead of propionic acid was adopted as said cellulose 
mixed ester and that 10wt% of polyoxyethylene distearate was used 
as plasticizer. A yarn was spun as in example 1 from the pellets 
produced. The yarn showed a good thinning behavior and left no residues 
on the nozzle. No fuming was seen, and breakage of the yarn did 
not take place during spinning. Thus, the composition showed very 
good yarn formation properties. The fiber produced had a strength 
of 1.2 cN/dtex and an elongation of 26%. 

[0088] The fiber obtained was then used as warp to produce a plain 
weave gray fabric with a rapier loom. The fabric was rinsed with 
a jet dyeing machine at 60 °C for 10 minutes to remove the plasticizer, 
and washed in a scouring liquid containing a scouring agent and 
sodium carbonate at 70°C for 10 minutes to remove paste and oil. 
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The strength after the souring was 1.6 cN/dtex, which was larger 
by 0 . 4 cN/dtex than before the scouring. The glass transition point, 
Tg, was measured before and after the elution of the plasticizer, 
and results showed that Tg after the elution was 180°C while it 
was 113°C before the elution. This scoured plain weave fabric was 
subjected to intermediate setting at 150°C, and dyed at 98 °C for 
60 minutes according to the following procedure at PH 5 with a 
conventional method using a jet dyeing machine. 

[0089] Cibacet Black EL-FGL 7%owf (supplied by Ciba Specialty 
Chemicals K. K. ) 

After the dying, RC washing was carried out under the following 
conditions. 

[0090] sodium carbonate lg/1 
hydrosulfite 2g/l 

Softanol EP12030 (supplied by Nippon Shokubai Co., Ltd.) 0.2g/l 
The dyed fabric was broken apart and physical properties of the 
yarn were examined. The strength was 1.5 cN/dtex, and the initial 
degree of tensile resistance was 39 cN/dtex. The average fiber 
diameter was 21 urn, and the CV in fineness was 4%. 
[0091] The tear strength of the dyed fabric was 1300g, and its 
coefficient of moisture absorption was 4% at 20°C and 65%RH. It 
was free of undesired shine and fusion when being ironed at 150 
to 170 °C. 

[0092] The dyed fabric was light, and had a gloss and smooth surface, 
and therefore, it was suited as material for lining of clothing. 
Sensory test was carried out on 10 testees, and based on the average 
of results, the fabric was evaluated as "3" which indicated that 
the fabric had a good texture. 

[0093] (Example 4) 

The same procedure as in example 1 was carried out except that the 
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ratio of acetic acid and propionic acid changed, and a cellulose 
acetate propionate with a degree of substitution of 2.8 (acetyl 
group 1.5, propionyl group 1.3) was produced as said cellulose mixed 
ester. The total molecular weight of the acyl groups per glucose 
unit was 139. To produce pellets, the same procedure as in example 
1 was. carried out except that 82wt% of this cellulose acetate and 
18wt% of polyethylene glycol (molecular weight 600) , adopted as 
plasticizer, was used. When the pellets were melt-spun, the resulting 
yarn showed a good thinning behavior and left no residues on the 
nozzle. Though a little fuming was seen, breakage of the yarn did 
not take place during spinning. Thus, the composition showed very 
good yarn formation properties . The fiber produced had a strength 
of 1.3 cN/dtex and an elongation of 28%. 

[0094 ] A tubular knitted fabric produced from this fiber was immersed 
in water at 60°C for a specified period of time, and after being 
taken out, examined to determine the changes in weight caused by 
the water treatment. Results are shown in Table 1. The decrease 
in weight was due to the elution of the plasticizer which accounted 
for 18wt% of the fiber, suggesting that more than 80% of the 
plasticizer was removed in 3 minutes. The average fiber diameter 
was 30 Jim. The strength was 1.5 cN/dtex, which was larger than the 
value observed before the plasticizer removal. The initial degree 
of tensile resistance was 35 cN/dtex. 

[0095] Tg was measured before and after the plasticizer removal . 
It was found that Tg before and after the plasticizer removal was 
100°C and 170°C, respectively, suggesting that Tg increased by 70 °C . 
Results are shown in Table 1. 
< [0096] (Example 5) 
The same tubular knitted fabric as in example 4 was put in a solution 
at 60°C containing 0 . 5 g/liter of a Softanol EP12030 nonionic surface 
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active agent, and after stirring for 30 minutes, the change in weight 
was measured. Whereas the sample treated for 30 minutes in example 
4 lost weight by 17.6%, the sample in example 5 lost 14.2% of its. 
weight. The fact that the latter is smaller suggests that part of 
the material was absorbed by the surface active agent. However, 
both the heat resistance and the strength did not differ from those 
in example 4. Results are shown in Table 1. 
[00 97] (Comparative example 2) 

The same procedure as in example 1 was carried out to produce pellets 
except that as in example 4, 70wt% of cellulose acetate propionate 
was used with 30wt% of polyethylene glycol (molecular weight 800) 
as plasticizer, and melt spinning was carried out to produce fiber. 
The fiber obtained had a strength of 0. 6 cN/dtex, which was so small 
that knitting was difficult. A skein of this fiber was immersed 
in warm water at 60 °C, stirred slowly for 30 minutes to remove the 
plasticizer, and after being taken out, examined to determine the 
change in weight, showing that the weight loss was 28.2wt%. The 
plasticizer removal rate was 94%. The average fiber diameter was 
30 \xm. The strength after the plasticizer removal was as small as 
0 . 7 cN/dtex . Measurements were made of Tg before and after the elution 
of the plasticizer, and it was shown that whereas Tg before the 
plasticizer removal was 90°C, Tg after the removal was 185°C, 
suggest ing that Tg increased by 95 °C . Pores were seen in cross sections 
of the fiber produced when observed by SEM. A rapier loom was adjusted 
to a low strength yarn, and the fiber obtained and polyester were 
used as warp and weft, respectively, to produce a plain weave. The 
tear strength of the warp of the weave was as small as 450g, and 
it can be torn easily by hand, suggesting that a fabric with such 
a strength would not serve as material for clothing. Results are 
shown in Table 1. 
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[0098] (Comparative example 3) 

The same procedure as in example 1 was carried out to produce pellets 
and melt-spin a yarn except that 70wt% of cellulose diacetate with 
a degree of substitution of 2.4 was used with 30wt% of polyethylene 
glycol (molecular weight 600). as plasticizer. However, the melt 
viscosity was so high and the f lowability was so low that the yarn 
during spinning did not become thiner and could not be taken up. 
Thus the draft of the spinning machine was lowered to produce fiber 
with a larger diameter than in example 1. The strength of the fiber 
was 0.3 cN/dtex. An attempt was made to produce a knitted fabric 
from this fiber, but the .single yarn was so thick that the yarn 
often breaks at the bend section, and it was difficult to produce 
a knitted fabric. A skein of this fiber was prepared and immersed, 
in warm water at 70°C for 2 hours to remove the plasticizer. The 
weight loss caused by the treatment was 25.8%, and the plasticizer 
removal rate was 86% . The average fiber diameter was 70 jam. Observation 
of cross sections of the fiber produced showed that many pores were 
seen in the cross sections. The fiber after the plasticizer removal 
had a strength as small as 0.4 cN/dtex, and was so small in abrasion 
resistance that fibrillation easily took place. Results are shown 
in Table 1. 

(Comparative example 4) 
The same procedure as in example 1 was carried out to produce pellets 
except that as in example 4, 75wt% of cellulose acetate propionate 
was used with 25wt% of polyethylene glycol (molecular weight 800) 
as plasticizer. The pellets were spun by the melt blowing method 
in which the fiber produced was drawn in a high-temperature, 
high-pressure air flow blown to the nozzle, followed by splitting 
and formation of a sheet. 

[0099] The plasticizer was removed from the nonwoven fabric produced 
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by melt blowing according to the same procedure as in example 2 . 
The fabric was set at 160°C and dyed with a pot type dyeing machine 
according to the same procedure as in example 2 . 

[0100] Microscopic observation of the fiber in the nonwoven fabric 
showed that there was a large variation in the fiber diameter. The 
CV in fineness was as large as 30%, and the average fiber diameter 
was 7 jam. 

[0101] The surface of the dyed nonwoven fabric had uneven colors 
due to a variation in fiber fineness, resulting in lack of uniform 
appearance. With a high density, the nonwoven fabric seemed to be 
suitable as material for disposable products, but did not have high 
appearance quality for general clothing. 
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[Industrial Applicability] 

[0103] The invention provide a fabric comprising heat-resistant 
fiber consisting mainly of a cellulose mixed ester produced from 
cellulose, which is a biomass-based material . The fabric comprising 
cellulose mixed ester fiber produced according to the invention 
has a gloss and vivid colors and serves preferably in the fashionable 
apparel manufacturing industry. 
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